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HIGH TEMPERATURE POLYMER
DIELECTRIC FILM-WIRE INSULATION

PRESENTED BY:
JOHN G. NAIRUS
WRIGHT LABORATORY
AERO PROPULSION AND POWER DIRECTORATE
24 JUL 91

HIGHLIGHTS OF PROGRAM
ACCOMPLISHMENTS

. TRWIDENTIHEDANDDEIIONSTRATEDTHEPOTBI'HALOFTWO

AROMATICHETEROCYCLIC POLYMERS TO HAVE AN OUTSTANDING AND
SUPERIOROOHBNA“ONG’ELECMCALTPERHALANDCHEHDCALRESBTANCE
PROPERTIES VERSUS STATE-OF-THE-ART KAPTON® FOR SPACECRAFT AND/OR
ARRCRAFT DIELECTRIC INSULATION APPLICATIONS (DATA PROVIDED IN TABLES
THAT FOLLOW)

SUCHASCERAICCOATNGS,OONTWOUSHLIICASTNG,ANDOWDUCTOR
WIRE WRAPPING, WHICH ARE DESIGNED TO ACCELERATE QUALIFICATION AND
DEPLOYMENT OF THE NEW WIRE INSULATION MATERIALS FOR USAF SYSTEMS
APPLICATIONS DURING THE MID- TO LATE-1990s

PREOBIDNNG PACGE BLANK NOT PLMID
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HIGHUGHT PRELIMINARY WIRE
INSULATION RESULTS

. CAMJDATE2WASSELECTE)FOHSELEC1E)MEWMPHNGMTESWGBASEUMBEST
BALANCE OF PROPERTIES

. M-GAUGEBAREMMHEWASSUOCESSFULLYDOUBLEMYERTAPEWW
ﬂNDDATE!COATEDWT‘ELwEPAmEGVE DOCSINCH THICK, OME SIDE) EMPLOYING A
PROCESWTOWYHEI'HODOLOGY FOR KAPTON FN

» CANDIDATE 2 INSULATED WIRE DEMONSTRATED HIGHER STABILITY THAN KAPTON iN AIR AND
BREAKDOWN VOLTAGE RETENTION AFTER AGING (182 HOURS):

AC BREAKDOWN

VOLTAGE (KV) INSULATION WEIGHT
INSULATION BEFORE AFTER DECREASE LOSS AT 200°C
MATERIAL AGING AGING (%) (%)
KAPTON 124 114 8 1
CANDIDATE 2 .99 9.5 4 4

. THE TEFLON FEP ADHESIVE EMPLOYED FOR THE WIRE WRAPPING IS _UNSUITABLE FOR
LONG-TERM USE AT 300°C IN AR (SIGNIFICANT LOSS OF POLYMIDE TAPE ADHESION NOTED
AFTER ~ 200 HOURS)

. DRY ARC/TRACK PERFORMACE OF CANDIDATE 2 INSULATED WIRE MAY BE ASSESSED IN
LATE-1991 AT ANOTHER PRIME CONTRACTOR (NOT AS PART OF THIS PROGRAM)

CONCLUSIONS

BASE)UPONWEPRO@!ESSACX)OHHJSHEDNPEH’OMCEOFOOMWMTHE
FOLLOWING ARE OFFERED:

CONCLUSIONS

. THE PROGRAM OBJECTIVE TO IDENTIFY AND DEMONSTRATE POLYMERIC DIELECTRIC FILMS POSSESSING

AWWWWMWWWWE‘MMWPWTOW
POSSBSE)BYKAFTONOVEHTHETBIPERAMEMOF-NOTOMCHASBEENAM.
mmmmmmmmmmmemmsm

— DELECTRIC LOSS RESISTANCE AT 300°C,

— OXIDATIVE AND VACUUM STABILITY AT 300°C,

— HUMIDITY RESISTANCE AT 90°C/100% RH,

— ULTRAVIOLET RADIATION RESISTANCE AT 25°C AND

— BASIC SOLUTION (pH 10) HYDROLYSIS RESISTANCE AT $3°C,

mmummnwummmzmssessssammvmmcx
RESISTANCE THAN KAFTON

THE OVERALL PROPERTIES OF CANDIDATE 1 (N THE DEVELOPMENTAL STATE IN FILM FORM)
GENERALLY COMPARE VERY FAVORABLE WITH CANDIDATE 2 (AN OPTIMIZED FILM PRODUCT);
OPTIMIZATION OF CANDIDATE 1 FilLM MAY LEAD TO SUPERIOR FILM PROPERTIES TO CANDIDATE 2,

CERAMIC COATINGS HAVE THE POTENTIAL TO SIGNIFICANTLY MMPROVE THE BREAKDOWN VOLTAGE
ANDVOR DRY ARC/TRACK RESISTANCE OF HIGH PERFORMANCE DIELECTRIC FLM MATERIALS

CANDIDATE 2 FILM CAN BE CONVERTED INTO TAPE WRAPPED WIRE INSULATION BY THE SAME
COMMERICAL PROCESS CURRENTLY EMPLOYED TO PRODUCE KAPTON WIRE AND POSSESSES SUPERIOR
300°C OXIDA STABILITY VERSUS KAPTON; HOWEVER, AN MPROVED FILM WRAP TAPE ADHESIVE
OVER TEFL FEPHUSTBEIDENTFIEDANDDEVELOPEDTOACWEVEWETRUEPOTENTIALOFTHE
NEW WIRE INSULATION CANDIDATES FOR EXTENDED SERVICE AT 300°C.
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PROGRAM OVERVIEW

PROGRAM TITLE: HIGH TEMPERATURE POLYMER DIELECTRIC RALM

« CONTRACT NUMBER: F33615-88-C-2909

» CONTRACT VALUE: $208K

¢ TECHNICAL PERIOD OF PERFORMANCE: THIRTY MONTHS (NOVEMBER, 1988 THROUGH MAY, 1991)
+ TECHMICAL TASKS

JASK IOLE STATUS
1 SCREENING AND TEST COMPLETED
PLAN DOCUMENTATION
2 DEVELOPMENT AND COMPLETED
DETAILED TESTING
3 PRODUCT OPTIMIZATION COMPLETED
4 WIRE INSULATION COMPLETED
AND TESTING
- REPORTING FINAL DRAFT SUBMITTED

* AERO PROPULSION AND POWER DIRECTORATE PROGRAM MANAGER: JOHN G. NAIRUS
* TRW PROGRAM MANAGER: ROBERT J. JONES

KEY PROGRAM PARTICIPANTS

ORGANIZATION KEY ROLE TASK PARTICIPATION
TRW PRIME CONTRACTOR ALL (1 THROUGH 4)

LAWRENCE FILM ELECTRICAL ALL (1 THROUGH 4)
TECHNOLOGY DIVISION PROPERTY TESTS,
OF CAMCO (FORMERLY WIRE WRAPPING
TRW OILWELL CABLE AND INSULATED
DIVISION) WWRE TESTING
WYLE LABORATORIES CRYOGENIC MMERSION 1
TESTS
REXHAM CONTINUOUS FILM , 3
CORPORATION CASTING
SHELDAHL CORPORATION PRODUCED CERAMIC 3

PROTECTIVE COATING
ON ALMS
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PROBLEM

STATE-OF-THE-ART HIGH PERFORMACE, AROMATIC/HETEROCYCLIC DIELECTRIC FILM
INSULATION MATERIALS (EXEMPLUIFIED BY KAPTON) CURRENTLY SUFFER SEVERAL
CRITICAL DEFICIENCIES:

+ SIGNIFICANT DIELE
APPROXIMATELY

» SIGNIFICANT DEGRADATION IN AIR

ULTRAVIOLET RADIATION (RT AND
- POOR RESISTANCE TO ARCING/TRACKING FAILLURE

OBJECTIVE

C LOSS AS A RINCTION OF TEMEPRATURE FROM
C TO +100°C AND ABOVE APPROXIMATELY +200°C,

AND ABOVE), HUMIDITY (35% RH) AND

IDENTIFY AND EVALUATE COMMERCIALLY AVAILABLE ADVANCED AROMATICHETEROCYCLIC
LM FORMING POLYERS HAVING MPROVED ELECTRICAL, THERMAL, HUMIDITY/CHEMICAL
RESISTANCE PROPERTIES OVER KAPTON" FOR WIRE INSULATION APPLICATIONS IN FUTURE
SPACECRAFT. IDEALLY, THE NEW INSULATION MATERIAL WILL BE EQUALLY SUPERIOR FOR
AIRCRAFT POWER GENERATION APPLICATIONS. THE GOAL PERFORMANCE TEMPERATURE
RANGE IS FROM -260°C TO 2 +300°C.

APPROACH

SELECT FIVE PROMISING CANDIDATES (BASED UPON AVAILABLE DATA) FROM HlGH TEMPERATURE

RESISTANT, COMMERCIALLY AVAILABLE, FiLM FORMING POLYMERIC MA
ELETRBAL,THWLANDCHEHICALPROPETWTESTSEIPLOYNGKAPT

; CONDUCT KEY
AS THE CONTROL FiLM

MATERIAL; CONDUCT TEST PROGRAM ACCORDING TO THE FOLLOWING SEQUENTIAL TASK

IASK
1

KEY TESTS
SCREEN RVE CANDIDATES FOR:

* HIGH TEMPERATURE PROPERNTES

* LOW TEMPERATE FLEGEILITY

* INTAL ELECTRICAL PROPERTIES

* INITIAL CLEANING SOLVENT STABILITY
¢ QIGDATION RESISTANCE

PERFORM DETAILED TESTS ON THREE
CANDIDATES FOR:

* VACUUM RESISTAMCE

* HUAMIOTY RESISTANCE

* ULTRAVIOLET RESISTANCE

¢ BASIC AND POLAR FLUID RESISTANCE
PERFORM PROCESS OPTIMIZATION AND TEST
ON TWO CANDIDATES IN TERMS OF:

* CERAMKC COATINGS

e CONTINUOUS CASTING OF FiLM

WRAP FILM ON WIRE AND TEST FOR:

. a.acmcnmma&onemo
AFTER AIR AND HABDITY
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HIGHLIGHT FILM DATA SUMMARY
(TWO MOST PROMISING CANDIDATES
VERSUS KAPTON CONTROL)

141

PROPERTY SPECIRC GOAL PROPERTY TEST RESILTS
A&E@ TEST pﬁLUB KAPTON CANDIDATE { CANDIDATE 2
ELECTRICAL DEELECTRIC
CONSTANT {1000 HZ)
"r >35 31 31 33
DISSIPATION
FACTOR (1000 H2)
T 20.003 0.081 0.001 o082
s00°c 20005 0083 0.004 0.003
BREAKDOWN
VOLTAGE (RT, KVASL)
+ AC UNCOATED »5.0 77 6.1 a1
« AC CERANIC COATED »>5.0 78 sA 6.1
+ DC UNCOATED >100 1.8 124 102
+ DC CERAMIC COATED >10.0 127 129 102
ARCITRACK - MEDIAN VALUES
(SECONDS TO FAILURE)
UNCOATED >>180 m 120 12
- CERAMIC COATED 180 18 141 215
HIGHLIGHT FILM DATA SUMMARY O
MOST PROMISING CANDIDATES VERSUS
KAPTON CONTROL CONTINUED)
pnoﬁvgn SPECIAC GOAL
ASSESSED TEST VALUES KAPTON CANDIDATE 1 CANDIDATE 2
THERMAL MELT (OR >400°C >480 »400 »480
rap“ sn%ms
(T »300°C 0 350 310
GLASS TRANSITION
TEMPERA
(APPARENT Tg,
FULEL, mmpun @ = =
%)
Low rarm':me RESIST NO NO NO
AT KAPTOMN)



HIGHLIGHT FILM DATA SUMMARY O
MOST PROMISING CANDIDATES VERSUS
KAPTON CONTROL CONTINUED)

PROPERTY PROPERTY
TEST VALUES KAPTON CANDIDATE 1 CANDIDATE 2
ENVIRONMENTAL WEIGHT LOSS 14 4 !
B AN AT 300°C s
FOR 1000 HOURS (%)
WEIGHT LOSS 1% SAMPLES V]
N HUMIDITY AT FAILED
00% RH FOR
1200 HOURS (%)
LESS THAN .7 14
N UV LIGHT KAPTON
e
R 1000 HOURS
L0SS LESS THAN 1.7 12
wm KAPTON
(%)
28 13
IMMERSED IN PH 10 L%i‘.::’&“"
AY §3°C FOR
(%)
=Bemcumee <5% LOSS 58 29
KETONE AT 80°C OR GAN
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